Oxamic acid (HOOC-CONH2) is an interesting com pound because of its tum or grow th inhibition properties as repeatedly has been proved m ainly in its deriv ativ es1 or in th e form of sodium o x a m a te 2. This effect is p robably due to the inhibition of action of lactic dehydrogenase. Oxamic acid m ay act as a biden tate ligand when it coordinates w ith m etal ions. Since chelate compounds, m ainly w ith th e m etals of th e group V III in th e d block, have successfully been used in destroying cells3 and as an titu m o r ag en ts4, th e preparation of a num ber of chelate com pounds of oxamic acid w ith a num ber of tran sitio n elem ents was undertaken. I n th e present pap er th e preparation an d the stu d y o f th e chelates of oxam ic acid writh Cu(II), N i(II), C o(II) and C r(III) are reported.
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Oxam ic acid m ay coordinate to th e m etal ion throu g h both oxygen atom s or one nitrogen and one oxygen. A r m e n d a r e z and N a k a m o t o 5 prepared chelate compounds of oxam ide (N H 2C OCONH2) w ith Cu(II), N i(II) and P d (II), in which th e m etal ion is coordinated to both am idic nitrogens o f oxam ide afte r th e ionization of th e amidic hydrogens. The synthesis and th e stru ctu re of a com plex of oxamic acid w ith Co(II) were re p o rte d 6, in w hich th e amidic hydrogen wras not ionized and th e X -ra y stru ctu ral analysis proved th a t Co(II) wras chelated by th e R eq u ests for reprints should be sen t to Professor A. G . G a l i n o s , D epartm en t of Inorganic Chem istry, U n iversity o f Patras, P a tra s, Greece.
amidic oxygen and one of the carboxylic oxygens as donor atom s. The only know n complex of oxamic acid w ith a transition element, in which th e amidic hydrogen is ionized was reported very early as
Complexes of N -a-naphthyloxam ic acid w ith Cu(II) and N i(II) can be used in th e gravim etric determ ination of Cu(II) and N i(II) 8.
In the present paper the following complexes of oxamic acid were prepared after ionization of the amidic hydrogen: D ipotassium bis (oxam ato-0,N ) cuprate(II), dipotassium bis (oxam ato-0,N ) nickelate(II) dihydrate, dipotassium bis (oxam ato-0,N ) cobaltate(II) and tripotassium -tris (oxam ato-0,N ) chrom ate(III).
Experimental
Chrom atographically pure oxamic acid was p u r chased from K och-Light Laboratories L td., and th e anhydrous m etal chlorides from A lpha Inorganics Co. IR spectra wrere obtained using spectrophoto m eters Perkin-E lm er 157 and 521 (K B r discs). Magnetic susceptibilities were m easured by a Gouy balance of Cahn-Ventron type. M agnetic m om ents were calculated a t 20 °C and diam agnetic corrections were tak en into account. Diffuse reflection spectra were taken by a Unicam SP 700 spectrophotom eter.
Preparation of the complexes
Oxamic acid, 0.03 mole, was dissolved in 40 ml of DMSO and th en 0.015 mole of anhydrous m etal chloride (CuCl2, NiCl2, CoCl2) or 0.01 mole of anhydrous CrCl3 were added and th e resulting solutions or suspensions were m agnetically stirred a t 40 to 50 °C. To th e stirred solution a concentrated solution of K O H , prepared by dissolving solid KO H in 10 ml of w ater, was added dropwise.
The q u a n tity of th e K O H added in each case was equivalent for th e precipitation of th e m etal hydroxide from th e m etal chloride in solution plus 50% excess.
The complexes were precipitated after stirring and heating for 1 to 2 hours. In th e case of the C r(III) complex, heating under reflux is required for 24 hours. The precipitated solids were filtered, washed w ith acetone and again refluxed for 1 h in DMSO to be freed of unreacted oxam ic acid. After final filtration th e complexes were washed with acetone and dried in vacuum over P 4 O10 and again dried in vacuum for 24 hours a t 80 °C.
The final pH for precipitation of the complexes was 8 for Cu(II) and N i(II), 8.5 for Co(II) and 9 for C r(III).
The complexes can be prepared in aqueous solu tion following th e same procedure, b u t th e products are less pure.
A nalytical d ata, th e visible diffuse reflection bands and th e m agnetic m om ents for th e complexes are given in Table I . The IR spectra are given in Table II .
Results and Discussion
The copper(II) complex exhibits a very broad band in its diffuse reflection spectrum w ith a m axi m um a t 16.1 kcm "1 and two shoulders a t 17.7 kcm -1 and 12.6 kcm -1. The location of the absorption m axim um indicates a 2 N, 20 environm ent around the cupric ion. The very broad band and the shoulders are probably due to th e transitions B ig < -E g, B ig < -A ig and B ig * -B 2g, consistent w ith th e low spin d 7 ty p e o f th e complex, is due to high o rbital contributions. The diffuse reflection spectra give twro strong bands a t 18.5 kcm -1 an d 21.0 kcm -1 and a weak band a t 17.2 kcm -1.
Since th e d -d tran sitio n spectra of th e planar complexes of Co2+ are n o t fully understood a te n ta tiv e assignm ent for these bands wras no t m a d e9.
Tw'o strong bands appear in th e visible diffuse reflection spectrum o f Ks[Cr(C2H 0 3 N )3] a t 16.9 and 23.5 kcm -1, wT hich are probably due to 4T 2g(F) ^4A2g(F) and 4T lg(F) «-4A2g(F) in Oh sym m etry. The m agnetic m om ent fieu = 3.8 BM agrees w ith th e expected value for th ree unpaired electrons.
In Table I I th e IR absorption frequencies for the oxam ic acid and its complexes are given. In the oxam ic acid two strong bands ap p ear a t 3300 cm-1 and 3200 cm -1 w hich are due to th e asym m etric and antisym m etric N -H stretching v ib ratio n of th e am ido group. In th e complexes these tw o bands are replaced by a strong sharp single b an d a t 3290 cm -1 for th e Cu(II) complex, a t 3250 cm -1 for th e N i(II), 3170 cm -1 for th e Co(II), and 3180 cm -1 for th e C r(III) complex. This change is an indication of th e ionization of th e am idic hydrogen, since a similar change occurs when a prim ary am ide is converted to a secondary am ide10. U sually th e non-hydrogenbonded secondary amides absorb in th e vicinity of 3460-3420 cm-1. The coordination w ith th e m etals causes a considerable shift to lower wave num bers. The oxamic acid exhibits th e OH stretching absorption of the carboxyl group in th e range 2800-2300 cm-1 by a num ber of strong to m edium broad bands. These bands disappear after chelation for all complexes examined.
Oxamic acid exhibits th e asym m etric C = 0 stretching vibration a t 1730 cm-1 and the two amide bands a t 1670 and 1590 cm-1. A fter com plexation th e tw o broad bands a t 1730 cm-1 and 1670 cm-1 were replaced by one strong sharp band a t 1660-1640 cm-1 in all complexes exam ined. The "am ide I I b an d " a t 1590 cm-1 rem ains unaltered in position and intensity. A rem arkable change occurs in the C -0 deform ation vibration of th e COOH group of the oxamic acid a t 1238 cm-1, when this strong characteristic band dim inishes in intensity very considerably after com plexation. This investigation was supported by N ational Hellenic Research F oundation to which we are indebted.
